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THE GOOGLER PRI MARY BATTERY. 
BY HARRY R.\Y WOODROW. 
The cell furnished us by the Battery Company was of the two fluid type. 
The exciter was sulphuric acid and zinc and the depolarizer was principally 
nitric acid. It resembled very much the G roove and Bunsen cells but differed 
in the depolarizer, which contained ferric sulphate. The carbon was placed 
inside the porous cup surrounded by 450 c. c .  of the depolarizer. Outside this 
was 2,000 c. c .  of sulphuric acid and a round cylinder of zinc. The mercury 
served the purpose of keeping the zinc amalgamated and also in making con­
tact with the external circuit. 
In the chemical analysis I found iron and a slight trace of  zinc in the 
depolarizer but no metal in the exciting fluid. Both solutions were acid which 
proved to be nitric and a small amount of sulphuric in the depolarizer and 
only sulphuric in the exciting fluid. It was at once evident that the iron in 
the depolarizer was in the form of ferric sulphate which gave the solution its 
brown color. It is to be noted that this brown color turned to green as soon 
as the action began in the cell. The hydrogen reduced the ferric sulphate and 
then the nitric acid oxidized the ferrous sulphate. The object of  this was to 
make the action milder and fewer nitrous fumes would escape. 
The quantitative analysis of  nitric acid is best determined by titration and 
the sulphuric acid is determined very nicely by precipitating the sulphate with 
barium chloride and weighing the precipitate as barium sulphate. From this 
data the amount of sulphate ( s )  can be determined by the formula : 
s = abd + ce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 )  
where ( a )  i s  the molecular weight o f  ( s ) , ( c )  the molecular weight o f  the 
weighed precipitate, b the weight of the precipitate, ( d) the total volume of the 
solution in the battery, and ( e )  the amount taken for determination. The sul­
phate is not all in the form of sulphuric acid but some of it is combined with the 
iron and zinc. The iron was determined by precipitating it as ferric hydrate and 
weighing it  as ferric oxide. The amount of iron is found by formula ( 1 )  by 
usng the values of a, b, and c which correspond to iron and ferric oxide. 
Formula ( 1 )  may be simplified by the use of the chemical factor ( f )  which is 
equal to a-c. 
log. ( s )  = log. ( b )  + log. ( f )  + log. ( d )  - log. ( e )  . . . . . . .  ( 2 )  
The zinc was determined b y  precipitating i t  a s  a corbonate and weighing it 
as an oxide. After the amount of zinc and iron is known it is a simple matter 
to determine the amount of sulphate ( k )  combined with them by the use of the 
formula : 
k = os + g  . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 3 )  
where o i s  the molecular weight o f  sulphate, s the same a s  i n  formula ( 2 )  and 
g the atomic weight of the . metal ( s ) . 
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We can now subtract the amount of sulphate combined with the iron and 
zinc from the total amount and the remainder will be the amount combined 
with hydrogen to form sulphuric acid. 
j = kl + m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 4 )  
given the amount o f  sulphuric acid ; when k i s  the amount o f  available sul­
phate, l the molecular weight of sulphuric acid, and m the molecular weight 
of sulphate. 
As we have the amount of sulphuric acid we can now proceed to find the 
amount of n itric acid in the solution. As was said before this can be done 
by titration with a hydrate, but we must remember that the sulphuric acid 
will require some of the hydrate to neutralize it. I therefore subtracted the 
amount of  potassium hydrate, as I used potassium hydrate for titration, re­
quired to neutralize the sulphuric acid in the portion used. The remainder 
was the amount used in neutralizing the nitric acid. Methyl orange was · used 
as an indicator as it changes color from the acid to neutral soiution : The 
amount of nitric acid ( N )  is  determined by the following formula :  
N = ACEd + Be . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 5 )  
A i s  the molecular weight o f  nitric acid, B the molecular weight o f  potassium 
hydrate in one c .  c., C the number of c .  c. of potassium hydrate used against 
nitric acid, and d and e the same as in formula ( 1 ) . 
We now have determined the amount of zinc sulphate or zinc, ferric sulphate 
or iron, sulphuric acid, and nitric acid in the depolarizer. The outer solution 
was much easier analyzed as it only contained sulphuric acid at first and later 
on zinc sulphate and sulphuric acid.  I determined these the same way as I 
did in the depolarizer. 
In order to find the chemical action it was necessary to take out ten c .  c .  of 
both solutions every six hours and analyze it. This was done and the results 
are tabulated in data 3. 
A very essential thing to know about a cell is its action on open circuit. I 
let the cell stand for forty-eight hours on open circuit and the action was slight 
and much more in the zinc and sulphuric acid than on the nitric acid, there 
being 25.2 grams of zinc dissolved, 36 grams of sulphuric acid used and 1 .4  
grams of nitric acid reduced. 
I took the E .  M .  F. of the cell by means of the Leeds Norturup potentia­
meter, type K, and found it to be 1 .8935 .  The next step was to find the internal 
resistance of the battery in order to know what external resistance would 
give a current of about nine amperes. The condenser method was used and 
the internal resistance B found by the formula : 
B = S ( d'-d" )  + d" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 6 )  
Where S i s  the resistance i n  shunt, d "  the throw o n  charge o r  discharge 
shunted, and d'  the throw on charge or discharge. The throw is proportional 
to the voltage, and d' represents the E. M .  F. and d" represents the P. D. with 
an external resistance S .  Thus we see this m.ethod is only a simplified one of 
the regular fall of potential method, whose formula is : 
B = ( ( E-V ) + V )  R or B equals ( E-V ) + C . . . . . . . . . .  . . ( 7 ) 
I found the ohmic resistance to be .0710.  I used the condenser method in finding 
the internal resistance on recovery and the fall of potential method when the 
battery was running on closed circuit. 
Having found the internal resistance ( B ) to be .0710, I used the formula : 
c = v + ( r  + b )  
• 
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i n  ordBr to find the value o f  r necessary to make c about nine ampers. I then 
put r to about this value and measured it  exactly with the postoffice bridge . 
I measured the E. M. F., the P. D. and current by the potentiameter every 
hour until the battery was run down. The E.  l\I . F. and P.  D.  a re measured 
directly on the potentiameter while the current is  measured by measuring the 
potential d ifference of  .01  of  an ohm resistance in the circuit. Then 
c equals v'  c- r = v' 7 .01 equals lOOv' . . . . . . . . . . . . . . . . . . . .  ( 8 )  
These results are tabulated i n  data 2 together w ith the temperature o f  the 
room, the internal and external liquid, and the internal resistance as figured 
out by formula en .  
H aving the chemical action, we  are now in a situation to calculate the E.  l\I. 
F. w h en 96 ,550  colombs of electricity possess one gram equivalent of each ion. 
One colomb is  1 0-1 c .g.s .  units and one volt is 108 c .g .s .  units.  Therefore one 
colomb of electricity will correspond to 10' E ergs and 96 ,550  colombs will equal 
to 9 6 , 550x10' E ergs. ·we will  now assume that all the energy due to chemical 
action is  converted into electrical energy. If  we let m equal the amount of 
heat evolved by the action of sulphuric acid on one equivalent of  zinc and n 
equals the amount of heat evolved by the reduction of the acid.  Then the 
work done i n  ergs by the chemical action is ( n + m )  4 . 2xl07 for 4 . 2xl07 is the 
value of  a calorie in ergs. As we have both the electrical energy and chemical 
energy in ergs and assume them to be equal, we have 
96 ,550x10'E' = ( n  + m )  4 . 2xl01 
Thus E '  = ( ( n +m ) 4 . 2 ) 7 96,550 . . . . . . . . . . . . . . . . . . . .  ( 9 )  
One gram atom ( 6 3gms. ) o f  zinc dissolved i n  sulphuric acid evolves 38 ,066  
cal ories of heat. Zinc  is a diad and consequently one equivalent ( 63 7 2  gms . )  
evolves Hl ,033  calories of  heat and is the value of  m .  
In  taking up t h e  value of n, a m o r e  difficult problem confronts u s .  The 
nitric acid is  reduced in several different stages. The two principal equations 
of  formations are : 
HNO, + H, = HNO, + H,O + 41013  calories. 
a:i d HNO,. + H = NO, + H,O + 26966  calories. 
Besides ;.:1e  !'edtt � tion of the nitric acid in these two ways, the brown fumes of 
nitrogen pentoxide showed that some of the nitric acid was broken up into 
nitrogen pentoxide and water. 
2rtNO" = I\21._ , + H,O - 7330 calories. 
\Ve do not !mow the amount of each formed, but we can calculate the average 
during the interval of six hours.  \Ve know the quantity of  zinc ( x )  dissolved 
and the quantity of nitric acid ( P )  used. It  will be necessary to consider 
that just two of these actions occur at once and, as HNO, will not be found 
when N,O:, is  liberated, this will be permissible. 
If  w e  let x equal the amount of  zinc d issolved, y the hydrogen liberated,  P 
the HNO, used, r the HNO, redu�d to HN02, and a the hydrogen liberated 
which reduces the HNO, to HNO,. Then P-r equals the HNO, reduced to NO, + 
HD and H-a the hydrogen used with it .  Then 6 5 7 2 X7y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 0 )  
6 3 7 2  = r 7a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 11 )  
63 + 1 = ( P-r ) 7 ( y-a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 2 )  
Eliminating a and y equation ( 10 ) ,  ( 11 )  and ( 1 2 )  
r = 1 2 6 x  7 ( 65-P ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 3 )  
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If r comes out minus we consider that no HN02 is formed and proceed to 
determine the HNO, used for N,05 and N02. To determine this we calculate 
the amount of HNO, used for all the zinc and subtract that from the HNO, used 
and that leaves the HNO, decomposed into H2 and N,O,. These results are 
tabulated in data No. 4 .  
As we have the ratio of the different reductions of the HNO, we can deter­
mine n and then the calculation of E' is very simple by subtracting in equa· 
ti on ( 9 ) .  This is done for the five intervals of time and tabulated in first part 
of  data No. 7 .  
I n  calculating the E.  M. F .  ( E' )  o f  the cell a t  different times w e  have not 
taken into consideration the temperature coefficient ( de l dt ) which must enter 
into the equation for the time calculated E.  M. F. 'Ve must now direct our 
attention to the temperature coefficient ( de l dt ) . 
In doing this we will let H' equal to the amount of heat supplied ( in ergs ) 
at the temperature T' and H'' the heat subtracted at the temperature T".  Then 
( H'-H" -e- H' = ( 'l" -T" ) + T' 
H'-H" is  the quantity of heat used and is equal to O" ( E '-E" ) ; where 
O" equals the units of electricity passed at T '  and T" and E' and E" the E. M. 
F. at T' and T". 
Therefore O" ( E'-E" ) -e- H' = ( T '-T" ) ·'- T' 
thus H' = 0" T' ( E'-E" ) -e- ( T'-T" ) . 
( E'-E" ) -e- (T'-T" ) is the rate of change of the E. M. F. of cell with tempera· 
rnre and we will designate it by d e + dt.  By letting O" equal to unity the equa· 
tion reduces to 
H = T ( de ·'- d t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 14 )  
Which i s  the quantity o f  heat converted into electrical energy during the 
passage of a unit quantity of electricity. It is to be noted that de f dt carries 
its sign. That is it is plus if it increases with temperature and m inus if it  
decreases with temperature. 
If H"' is total amount of heat produced by chemical action when one unit 
quantity of electricity passes through the cell. Then 
H'" + p = E 
When H'" and p are in ergs. 
Consequently, H"' + de+dt = E . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 5 )  
And E i s  the time calculated E .  M .  F. o f  cell temperature T o n  the absolute 
scale. 
Now we will  proceed to find de l dt, which is necessary in calculating the time 
E. M.  F. We will represent the current by c and the P. D. at the terminals of 
cell on closed circuit with external resistance r by e. Then the heat developed 
in the external circuit in the time t is equal to aect calories, when ( a )  equals 
. 2387 ,  which is the value of one j oule in calories. The heat developed within 
the cell itself in the time t, by the passage of the current ( c )  is ar"c't where r "  
is  the internal resistance of the cell .  Therefore ( ar"c't + aect ) is  the amount 
of  heat developed by the passage of ct units of  electricity. 
E = s e + er" 
multiply by act 
acEt = acet + ac'rt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 6 )  
I t  will b e  noticed that each side o f  this equation repres¥nts the energy trans· 
ferred into heat. 
·• 
" 
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If w represents the amount of heat taken up by the cell and also the amount 
radiated ; then 
w = ar"c"t-actde l dt t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 17 )  
Eliminating ar2c"t i n  equation ( 1 6 )  and ( 1 6 )  and ( 1 7 )  
acEt = acet + w + acTde l dt t 
Hence de-;-dt = acEt - acet - w l aTct 
And d e -;- dt = E - e  - ar-;-act ( T )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 8 )  
Before w e  can continue any further in finding de-;-dt, w e  must find the value 
of w, which represents both the radiated heat and the confined heat. The first 
step in  finding w is to find the water equivalent of the battery, which is done 
in the following manner : 
Weight of j ar . . . . . . . . . . .  1451 gms. Sp. H . .  198  W.E. 287.3 
Weight of carbon . . . . . . . .  956 .3  .144 135.2 
Weight o f  zinc . . . . . . . . . . .  1907.2 .093 177.4 
Weight of porous cup . . . . .  565 .4  .206 116.5 
Weight of Fe,SO, . . . . . . . . 1 2 . 3 9  2 6 . 4  2 .1 
149 
Weight of ZnS04 . . . . . . . . .  25 .2  26 .4  4.13 
161 
Weight of  H,SO , .  . . . . . . . . .  288 .33  .269 77 .69  
Weight of HNO, . . . . . . . . . .  353 .7  .303  107 .20 
Weight of  H,O . . . . . . . . . . . 2124 .15  1 .  " 2124.15 
Total water equivalent . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3031.62 
The specific heat of a sulphate is 26 .4 -;- M  where M is the molecular weight of 
the compound. 
We now have the water equivalent of the battery and the confined heat is 
the product of water equivalent and change in temperature . 
The radiation c onstant ( a) is the next essential to determine. The battery 
was heated to a few degrees above the temperature of the room. The tempera­
ture of the battery was now 27° and the room 23°. The temperature fell to 
25 .25°  in 45 minutes. Then the total amount of heat lost per hour was 
l .75x3031 . 6 2 7 . 7 5  which is 7069  calories. Then the quantity of heat ( Q )  radi­
ated, is 
Q = a ( T4 - T04) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 1 9 )  
where T '  and T0 is the temperature of the battery and room o n  the absolute 
scale. 
7069  = a ( 8001000000 - 7727000000 ) 
log a = 5 .4115 - 10 
Now in finding the heat radiated we have a, T' and T0 given and solve for Q .  
The value of w is thus figured for  the  five intervals of t ime and tabulated in  
data No.  5 .  
As we have w we can now substitute in equation (16)  and find de-;-dt.  This 
is done and tabulated in d ata No. 6 .  
We now have everything to m ake a complete calculation of the E. M. F.  
E.  M. F. = E' + Tde-;-dt. 
The most accurate way in  determining the efficiency of a battery is to take 
the total amount of electrical work done in comparison with the total amount 
of chemical work done. 
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The accompanying curves a r e  drawn according to the accompanying data. 
Curve 3 ,  fig. 1 ,  plate 1 ,  is the E .  l\T. F. on open circuit and was very steady 
after the first few m inutes until about three forty, when it suddenly drops. 
This drop is due to polarization and by looking at data No.  4 we  will see that 
there is more hydrogen liberated at this point than the nitric acid was able to 
take up. The curve runs along very smoothly until the l ast hour, where it 
drops a little and also at this point the nitric acid is  practically all gone. The 
recovery curve 2 ,  fig. 1 ,  plate 1 ,  came up very rapidly at first and then slowly rose 
until it  reached the starting point, where it  was very near the .calcul ated voltage 
o f  the cell when HNO, is formed. Curve 1 , fig. 1 ,  plate 1, which is the E. M .  
F. curve o n  running down again,  dropped so fast that it  w a s  difficult to take 
the E.  M. F. readings. I t  dropped to  the level of the E .  M .  F. when the recov­
ery curve started and then gradually fell .  
The potential curve ( 18)  fig. 2 ,  plate 1 ,  agrees very well with E .  M . F. curve 
if  we consider curve ( c )  which is the internal resistance curve. The P. D. 
falls gradually while  the E .  M. F. runs along very near the sam e  level .  This 
fall is due to the use in the internal resistance. This curve runs along with 
the calculated E. !VI. F. curve ( 4) fig. 1 ,  plate 1 ,  until it  reaches the point of 
polarization. The drop in the sixth hour is  due to the rise in  temperature at 
that time, shown by curve ( 9 )  fig. 2,  plate 4 ,  for de7 dt is negative at this point. 
The current curve ( 17 ) fig. 2 ,  plate 2 ,  falls faster than P. D. curve because 
the internal resistance here again enters into the equation.  The drop at the 
sixth hour here is the same as in the P. D. curve, as would be expected . 
The internal resistance curve ( 6 )  fig. 1, plate 2, rises until the nineteenth 
h ou r  when there is a drop. The resistance that is above the level of curve ( 7 )  
fig. l ,  plate 2 ,  which i s  the recovery curve o f  the internal resistance, i s  due to 
polarization. The drop here is due to the fact that hydrogen is not liberated 
so fast and the nitric acid can take care of it  better.  The internal resistance  
falls immediately on recovery which shows very plainly the polarization resis­
tance. 
The wattage curve ( 8 )  fig. 1 ,  plate 4 ,  is a combination of the P.  D .  curve 
and the current c urve and has their respective characteristics. The temperature 
curve ( 9 )  fig. 2 ,  plate 4 ,  of battery represents the heat developed within the 
battery and it  together with the temperature of room shows the heat radiation.  
The specific gravity curves ( 1 1 )  fig. 2 ,  plate 3 ,  and ( 1 2 )  fig. 2 ,  plate 3 ,  
resemble the HNO,, curve ( 1 3 )  fig. 1 , plate 3 ,  and the zinc curve ( 1 6 )  fig. 1 ,  
p late  5 .  T h e  reason for this is t h e  fact that the specific gravity of nitric acid 
is  proportional to its per cent. The action through the porous cup c hanges 
this a little and at the end of the specific gravity curve i t  rises a little, due to 
the heavier zinc solution coming in. In the outer solution the specific gravity 
raises in proportion to the amount of zinc brought into the solution. 
The hydrogen l iberated curve ( 1 4 )  fig. 1 ,  plate 3 ,  and the zinc consumed 
curve ( 1 6 )  fig. l,  plate 5, are the same relative curves as the hydrogen liberated 
is proportional to the zinc consumed. These are also the same as the H,SO, 
curve only inverted. 
The zinc consumption curve ( 21 ) fig. 2 ,  plate 5 ,  against the wattage repre­
sents the zinc efficiency and is equal to the H,SO. curve ( 20 )  fi g. 2 ,  plate 5 ,  only 
inverted.  This i s  true because the amount of chemical w ork done by the zinc 
and H2S04 is proportional to the zinc consumed. The w attage, that is watt 
hours in the case, is the electrical work done. The HN03 decomposed curve 
• 
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( 1 9 )  fig. 2 ,  plate 5 ,  does not exactly represent the work done because i t  decom­
poses in different ways and evolves different amounts of heat. 
The heat watt curve ( 23 ) fig. 2 ,  plate 6 ,  is the efficiency curve as x repre­
sents the total chemical heat and y the watt hours. Curve ( 2 2 )  fig. l ,  plate 6,  
is  the temperature coefficient curve plotted against the time. I t  starts out a 
plus due to the heat taken up in formation of N,O, and soon changes to a 
minus and then contrives to fall. 
The cell is of  n o  practical good for closed c ircuit work after the nineteenth 
hour when polarization sets in. But the cell may be filled with the solution 
again and be nearly as good as n ew. It  is  to be noted that the rougher the 
zinc gets, due to the chemical action, the higher the local action is .  This is 
due to the fact that the rough dirty zinc will not keep amalgamated .  
DATA )1 0 .  1 .  
P H Y S ICAL PROPE RTIE S .  
Weight of zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l n 5 . 7  grams 
Weight o f  carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % 6 . 3  grams 
Weight o f  jar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 8 7 . 'l  grams 
Weight of porous cup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 5 . 4  gram s 
\Veight of mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 0 8 . 6  grams 
Inner Sol . ,  volume 4 5 0  cc Rpgr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 8 2 4  
Outer Sol . ,  volume 2 0 0 0  cc spgr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 1 0 2 3  
Surface of carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 1 . 9 9 sq. inches 
Surface of zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 8 . 4 9  sq . inches 
Time E . M . F .  P .  D .  
a : 4\l  1 . 8435 1 . 2667 
H J : 4() 1 . 7650 1 . 1814 
1 1 : 40 1 .  71346 1 . 1806 
12 : 4() 1 . 7444 1 . 150'2 
J :J : �() 1 .  7412 1 . 1345 
1 4 : 40 
� ����J 
1.  7385 1 . 1336 
J .) : 40 1 .  7323 1 . 0753 
rn: ro 1 . 7205 1 . 12187 
1 7 : ffi  1 .  7'200 1 . 0311 
1 8: 40 . . . • . . . .  1 1 .  7110 1 . 0212 
r n : 4o 1 . 7158 . 9923 
20 : 40 1 . 709'2 . 900"2 
21 : 40 1 .  71).)8 .9741 
2'2 : 40 1 . 7020 . 9220 
23 : 40 1 . 6891 . 8684 
24 : 40 1 . 6640 . 8247 
1 : 40 1 . 5977 . 7930 
2 : 40 1 . 5977 . 75.).) 
3 : 40 l . 5'i.5-! . 6993 
4 : 40 1 . 200'.) . 5152 
5 : 40 . 55.50 . 3138 
6 : 40  . 4846  . 2108 
7 : 40 . 4598 • 7\)8 
s : ro  . 4189 . 1 471 
9 : ro  . 4300 .1475 
10 : 40  . 3277 .0052 
DATA K O. 2 .  
ELECTRICAL P ROPERT IES. 
c .  
i 
9 . 232 
8 . 662 
8. 2170 
7 . 973 
7 . 7.)2 
7 . 724 
7 . 141 
7. 404 
6 . 931 
6 . 621 
6 . 578 
6 . 667 
6 . 001 
5. 9'3! 
5 . 448 
5 . 003  
4 .  71}3 
4 . 051 
2 . 929 
2 . 4695 
1 . 893 
1.1}"24 
. 958 
. 938 
. 872 
. 7285 
I n t .  Res . 
-- -- ------
. 06"i32 
. 069,,2 
. 07112 
. 07H7 
. 07820 
. OOlllO 
.O'Jl&J 
. 00016 
. 10320 
. J OO'J  
. 1076 
. nw 
. 1312 
. 1 496 
. Hi56 
. 178"2 
. 2075 
.2985 
. 3141 
.3148 
. 1274 
. 26.)5 
. 2388 
. 2897 
. 3119 
. 3194 
I Watts ---
ll . 61 
9 . 89 
9 . 68  
9. 17 
il· 7\l 
8 . 72 
7 . 64 
8 . 28  
7 . 2 9  
6 . 75 
6 . 52 
6 . 69  
5 . 93 
5 . 47 
4 . 7'2  
4 . 17 
3 . 73 
3 . 05 
2 . 04 
1 . 26 
. 59  
. 215 
. 171 
. 138 
.128 
. 070 
I n t .  t I Ext . t I R ' m .  t 
' I ·-- ---- ------
6 . 00  6 . 00 7 . 50  
8 . 00  8 . 00  7 . 00 
9 . 00  8 . 50  5 . 50  
9 . 00  8 . 50  4 . 50  
9 . 50  8 . 50  5.75 
9 . 50 9 . 00  5 . 00 
10. 00  9 . 00  5 . 00  
1 1 . 00  9 . 50  4 . 75 
10 . 2;; 9 . 00  4 . 50  
9 . 50 8.00 4 . 00 
1 1 . 00  11 . SO 7 . 00  
12 . 00  12 . 00 7 . 00  
13 . 20  1 2 . 00  8.00 
14 . 8  1 3 . 00  9 . 00  
14 . 8  13 . 50  9 . 00  
16 . 00  14 . 50 11 . 00  
1 7 . 00  1 6 . 50  11 . 00  
18 . 00 17 .00 12 . 00  
19. 00  18. 00  1 4 . 00  
1 9 . 00  18 . 00  1 4 . 00  
rn.oo 18 . 00 16. 00  
18 . 00 17. 80  15. 50 
18 . 00  17.00 14 . 50  
19.00 18 . 00  16 .00 
1 9 . 50 19. 50 18 . 00 
20.00 19.00 16 . 00 
7
Woodrow: The Googler Primary Battery
Published by UNI ScholarWorks, 1909
1 7 4  lOW A ACADEMY O F  SCIENCE 
RECOVERY ON OPEN CIRCUIT.  
Time E. M. F.  I nternal Resistance by c o n d e n ser method 
Time I nt .  Res . 
10 : 4()  -- - - -- - - - - -- - - - - - - - - -- -- -- - - -- -
10 : 59 - -- - - -- - - -- -- -- -- - - -- -- -- -- - - -- -
1 1 :  2 l - - - -- -- - - -- -- - - - - - - - - - - - - - - - - - - -
1 1  : 3  l - - - - - - - -- -- --- - -- - - - - -- -- - - -- -- -
11 : 53 - - - -- - - - - -- -- - - - - -- -- -- -- - - -- -- -
12 : 38 - -- -- -- -- -- -- - - -- ---- -- -- - - -- - - -
1 3 :  88 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­
l l :  54 - - - - - - - -- -- -- -- - - - - - - - - - - - - - - - - -
16: 12 - - - - - - - -- -- - - - - - - -- -- - - ----- - -- -
17:  ;).) - - - - - -- -- - - - . -- -- - - -- - - - --- -- - - -
8 :  3:l - -- -- -- -- - - - - - - - - -- - - - - -- - - - - - - -
11 : 30 - -- -- -- -- -- - - -- - - - - - ----- - - --- --
. 3277 
. 3918 
. 4374 
. 743.-, 
. 748'> 
1 . 083.2 
1 . 272()  
1 .  413:l 
1 .  4791 
l . ;')41() 
1 .  7358 
1 . 7410 
JO : 57 -- -- ---- -- -- - - -- - - -- -- - - -
1 1 :  1 3  - - - ---- - - -- - - - - - - - - - - - - -- - -- - - - -
1 1  : 27 - - - - - - - - - - - - - - - - - - - - - - - - - ---- -- -
11 : 48 - -- -- -- -- - - - - - - -- -------- ------ -
1 2 :  39 - - - - - - - -- - - - - - - -- -- - - ---- ---- - - -
rn : 40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
1 ! : .),) - - - -- - - - - -- -- - ---- - --- - - - - - - -- --
JG : 1.) - - - - - -- -- -- - - - - -- - - - - - - -- - - - - - - -
ll : 1.) - -- -- - - -- - - - - - - -- -- - - - - - - -- -- - - -
8 : 3() - -- -- - - - - - - - - - - - - - - - - - - - - - - - - --
BATTERY ON CLOSED CIRC U IT. 
Time I E . M . F .  P .  D .  
1 1 :  30 - - - - - - - - - - - - - - - -- -- - - - - - - -- -- - - -- -- -- -- - - - - - --- -- -- -- - - -- - · 
11 :  35 - -- -- -- -- -- - - - - - - - - - - - - - - - - -- - - -- -- -- - - - -- - - - - - - - --- - - -- - - -
1 2 : 00  - -- -- -- -- -- -- - - - - - - - - - - - -- - - - - - -- - - - - -- -- -- - - - - - - - - -- - - - - --
1 7 :  � - -- -- -- - - - - - - -- -- ------ - - - - - - ---- --- - - - - - - -----------------
8 : 00  - -- - - - - -- - -- -- - - -- - - -- - - - - -- - - - -- -- ---- -- - - - - - - - - -- -- -- - -
1 . 7410 
. 8786 
. 3565 
. 2 730 
. 1455 
. 2"254 
.133() 
. 1070 
. 0351 
. 0730 
. 275 
. 174 
.082 
. 195 
.202 
. 17  
. 206  
. 201 
. 235 
. 2005 
Current 
1 .185 
1 . 137 
. 694 
.3010 
. 0021 
\Vat t  Hour� Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 2 . 3 8 2  
.A m o u n t  n f  work done i n Jou l e s  . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  4 7 6 5 7 5 . 2 0 0  
I n ner sol . 
Time tt2so, 
9 : 40  Wed _ _ _ _ _ _ _  _ :  8 . 241 I 
9 : 40 FrL- ------ 1 ----------
it:g ==: : : : : :::::: ' :::::::::: .  
lt� ::::::::::::: � - -T�-- - 1 
DATA N O .  3 .  
C H E M ICAL DATA. 
Outer sol . 
Z n  l rn 2 ( Sll \ J :i i - Sp g r .  I H2so4 [ ' . I 
00 . 0  
2 . 0  
9 .6  
21 . 7  
26. 3  
30 . 5  
31 . 6  
--- -
35S . l  
353 . 7  
105 . 0 
37 . 8  
1 2 . 6  
4 . 88  
.914 
1 2 . 39  
DATA N O .  4 .  
1 . 382! 
1 . 375 
1 . 155.'> 
1 . 1007 
l . o:J!7 
1 . 0047 
1 . 0051 
DETER M INATION OF C H E M ICAL HEAT. 
316 . 09  
280 . 00  
1 83 . 7  
102 . 59 
46.09 
26 . 39  
16.99 
Z n  I Spgr . 
--- ------
000. 0  
23. 2  
87. 3  
145 . 2  
159.6 
162. 1  
162 . 9  
1 . 1023 
1 . 1216 
1 . 1634 
1 . 203  
1 . 261 
1 . 280 
1 . 284 
--�j�:- \z n i� BOi i  �;� I --;��5 f--���-r��Q2_[_:;�:��::;+� 1 :���i�t 
5 : 4o  - - - - - -- - - - - - - [ -��� I 248 . 7  1 28 . 7  --�2� - l--�. 0 -1- 36470. 4 3871 .  80341 . 
21 : .Jo  _ _ _ _ _ ________  57. 9  I 67 . 2  oo.oo 22 . 4  44 . 8  34()1(). 38755. 72765 . 3 : 40 - - - - - - - - - - - - - ! 40 . 7  25. 2  H. Unc . . 42 oo. o  2 5 . 2  23800. 16410 . 40300. 7 : 40  - - - -- - - -- - - - - 1 6 . 7  7 . 72 00 . 00  2 . 4.5 ii . 27 3934 . 4481 . 8415 . 
10 : .j()  - - - --------- - 1 . 9  1 - --------- 00 . 00  . 24 3 . 72  111.j . 2324 . 7  3739 . 
To tal  h eat_ ____  --- -- - - - - - [ - - - -- -- -- - - -- -- - - - - -- - - - -- - - - - - - - - - - - - -- --- - - - - - - - - - - , - -- - - - - -- - 205500 . ------- -----
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DATA NO. 5.  
DETE R M I NATION OF w. 
Time I Temp . of B .  I Temp. of R'm. f Heat Rad . Heat in B .  
9 : 40-10 : 40 - - - ---- -- - - ------ --
1 5 : 4o-16 : 40 --- ----------------
00: 40-21 : 40 - - - ---- - - - - -- -- -- --
3 : 40- 4 : 40  - -- -- -- - - -- - - -- -- - -
8 : 40-10 : 40  - - - -- - - - - -- - - - - - - --
6. - 8.  7 .25 
9. 5-10.25 4 . 9  
12 . -12. 6  7 . 5  
1 8 . 5-18 . 5 1 4 .  
17 . 5-18 . 5 16 . 
DATA NO. 6.  
-1751 0063 . 2  
+11150 2273. 6  
+11400 1818. 9  
+11150 3000 . 0  
+2579 3031 . 6  
DETERM INATION OF HEAT COEFFICIENT D E -C DT. 
9 : 40 
15 :40 
21 : 40 
3 : 40  
7 : 40  
---------- -
Time I 
Time 
- -- -- -- -- --- --------------
- - - - - -- -- -- -- -- -----------
- -- -- -- -- -- -- -- -- -- -- -- -- -
- -- -- - - - -- - - - --- - - - -- - -- --
- -- -- -- - - - - -- -- -- - - - - -- -- -
From Data No . 2-
E 
1 . 8042 
1 .  7264 
1 .  7075 
1 .  4327 
. 4194 
P. D .  
1 . 2240 
1 0985 
.9821 
. 6072 
. 1473 
c .  
8 . 907 
7 . 324 
6 . 379 
2 . 699 
. 905 
T 
- I 
280 00° I 
283 . 25° 
I 285 . 60° 291 . 50° 292 . 00° 
w 
4309 . 2  
13423 . 6  
1321 8 . 9  
1 1 1 50 . 0  
5610 . 6  
-'------ -------·· - -- ---
DATA NO. 7 .  
DETE R M I NATION O F  E .  M .  F .  
---- - ----
N M E de + dt 
23!);)7. 10033 1 . 830 + . 0000025 
22659. 19033 1 . 813 -. 00053 
2()JOO . 1003:1 1 . 719 - . 00060 
2162.). 190:33 1 . 767 -. 00136 
2JS40 . 19033 1 . 735 - . 00237 
DATA NO. 8.  
TOTAL EFFICIENCY. 
1 7 5  
I Tota�ea 
4ll00. 2  
134 23 . 6  
13218 . 9  
11150.0 
5610.6 
de + dt 
+ . 000 62 
+ . 00053 
-l- 00060 
-1- . 00 1 36 
-1- . 00237 
-------
E .  M .  F .  
1 . 8475 
1 . 6001 
l . 4147 
1 . 3863  
1 . 0135 
Amount of electrical work done . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 6 5 7 5 . 2  joules 
From Data No. 4-
Total chemical heat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 5 5 6 0 . calories 
Total chemical work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 6 1 2 0 0 .  joules 
Total efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 5 . 3 4  per cen t 
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